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ABSTRACT 

The macroalgal/cyanobacterial assemblages of the Whyte Island mangal on the sub¬ 
tropical east Australian coast were investigated to determine if these assemblages had 
either contributed to, or had resulted from, mangrove dieback on the landward margin of 
the community. Habitat disturbance in the area is indicated by: lowered abundances of 
species of the red algal genera Bostrychia, Caloglossa, Catenella and Murrayella ; the 
presence of green algal species under the mangal canopy; and a well developed 
microbial mat in the ponded area. None of these features are characteristic of healthy 
mangals in the Moreton Bay region. Impacts at Whyte Island from the ponding of water, 
discharge of sewage effluent, onshore algal blooms, and drifts from offshore blooms are 
discussed as possible causal factors for mangrove dieback. Algae and cyanobacteria 
respond quickly to environmental disturbance by showing a shift in species composition 
and abundance thereby providing a useful and much needed tool in assessing, under¬ 
standing and dealing with perturbations in marine ecosystems. □ mangrove dieback, 
tidal inundation, macroalgae, microbial mats, Microcoleus chthonoplastes 


Mangrove communities (mangals) typically 
occur on unconsolidated substrata (mud, sand, 
rubble) in the mid to high intertidal zone on 
sheltered tropical to warm temperate coasts world¬ 
wide (Chapman 1977; Hutchings & Saenger 1987; 
Saengcr 2002). Only a relatively small number 
of terrestrial flowering plants have successfully 
colonised the harsh environment of the land/ 
sea interface. Eighty-four species of mangroves 
(Saenger 2002) have evolved adaptations to over¬ 
come salt toxicity, physiological inaccessibility 
of water, anaerobic waterlogged soils and prob¬ 
lems associated with dispersal and germination 
of reproductive propagules in the marine environ¬ 
ment (Hutchings & Saenger 1987; Saenger 2002). 

Mangals are amongst the most threatened 
ecological systems (Hutchings & Saenger 1987; 


Hyland & Butler 1988; Field 1999; Bridgewater 
& Cresswell 1999; Alongi 2002; Saenger 2002). 
In the last 50 years, approximately one-third of 
the world's mangals have been destroyed by 
the activities of an ever increasing human popu¬ 
lation. Large areas of mangals have either been 
reduced to a degraded state or cleared for urban 
development, aquaculture and timber. Mangals 
are an invaluable ecological and economic asset, 
providing breeding and nursery habitats for a 
variety of animals including those contributing 
to the fishing industry, accumulation sites for 
nutrients and sediments, a renewable source of 
wood and protection against coastal erosion. 
Devising appropriate management strategies 
for these ecologically important ecosystems are 
crucial for both conservation and sustainable 
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FIG. 1: Location of Whyte Island in Australia (A), the Moreton Bay region (B) and the 
mouth of the Brisbane River (C). 



FIG. 2: Before the construction of Port Drive from 1972-1978, Whyte Island was surrounded 
by an extensive mangal. Crab Creek (white arrowheads) flowed from the Brisbane River 
between Whyte Island and the mainland coast and into Moreton Bay. The Wynnum North 
Sewage Treatment Plant (STP) discharged effluent via a sewer line into Crab Creek (black 
arrowhead). 
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use — the two key objectives of the Convention 
of Biological Diversity. 

Seven species of mangroves occur in the 
extensive mangals on the sheltered shores of 
subtropical Moreton Bay, with three species being 
widely distributed. Avicennia marina is the most 
common and widespread species, growing along 
rivers and coastlines. Rlrizophora stylosa occurs 
behind the Avicennia marina zone in the bay as 
well as in sheltered inlets and creeks. Acgicerus 
corniculatuni is most common along the lower 
reaches of rivers and creeks (Dowling 1986; 
Hyland & Butler 1988). 

Macroalgac are common components of healthy 
mangals, often growing on the trunks and aerial 
roots (pneumatophores, cone roots, stilt roots, 
knee roots, buttresses) of mangrove trees, and 
on any other firm substrata (rocks, mollusc shells, 
wood) on the mangal floor. Species of the red 
algal genera Bostrychia, Caloglossa, Catcndla and 
Murrayell a form the typical epiphytic algal com¬ 


munity of mangals, commonly referred to as 
the Bostrychia/ Caloglossa association or the 
Bostrychietum (Post 1937; King & Puttock 1994; 
Phillips et ai 1994; Laursen & King 2000). 

The macroalgae of Queensland mangals have 
been little studied. Cribb (1979) provided a 
general descriptive account of the macroalgac 
of Moreton Bay mangals. Atherton & Dyne 
(1977) collected quantitative data on macroalgal 
species along transects in the Serpentine Creek 
area, near the mouth of the Brisbane River. 
One of the authors (J.A.P.) has undertaken a 
systematic ecological survey along sea-to-land 
transects through a number of mangals in More¬ 
ton Bay to gather quantitative data on macro- 
algal species composition, abundance and distrib- 
ution (Phillips, in prep.). 

Considerable development along the main¬ 
land coast of Moreton Bay has caused the large 
scale loss of mangals either through direct removal 
of trees or indirectly from environmental disturb- 



F1G. 3: Mangrove dieback at Whyte Island observed in September 2004. Crab 
Creek (yellow arrowheads) is truncated by Port Drive. The Wynnum North 
Sewage Treatment Plant (STP) discharges effluent via a sewer line (white 
arrowheads) and outfall (white arrow) into Crab Creek. The transect (black 
line) surveyed by the present study stretches from the seaward edge of the 
mangal to the smaller of the two dieback (D) areas. 
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ance. The progressive loss of mangal on Whyte 
Island near the mouth of the Brisbane River 
since the 1970s is a good example (Fig. 1). The 
island now has two large treeless areas between 
Port Drive and a narrowing seaward fringe of 
Avicemm marina (WBM 2002). This paper investi- 


Table 1. Survey of algal/cyanobacterial vegetation 
in the Whyte Island mangal on the 24th Feb 2005 
and 19th July 2005. (+ = surveyed, - = not surveyed). 


Quadrat 

No. 

Distance 
from sea 
(m) 

Feb. 

Survey 

July 

Survey 

1-3 

0 

- 

+ 

4-6 

15 

+ 

+ 

7-9 

40 

- 

+ 

10-12 

80 

+ 

+ 

13-15 

140 

- 

+ 

16-18 

145 

+ 

+ 

19-21 

145 

- 

+ 

22-24 

150 

+ 

+ 


gates the species composition and abundance of 
macroalga!/cyanobacterial species inhabiting the 
Whyte Island mangal to determine if blooms or 
drifts of macroalgal/ cyanobacterial species are a 
consequence of, or have contributed to, the death 
of large numbers of Avicennia marina trees in the 
area. 

MATERIALS AND METHODS 
STUDY SITE 

Prior to the 1970s, Whyte Island was largely 
covered by an Aviccnnia marina/Khizophora stylosa 
mangal and separated from the mainland coast 
by Crab Creek (WBM 2002: Fig. 2). Between 1972 
and 1978, a road (Port Drive) connecting Fisher¬ 
man Islands to the mainland was constructed 
through the Whyte Island mangal and across 
Crab Creek which, together with subsequent indus¬ 
trial development to the west of the road, was 
responsible for the loss of 45 ha of mangal in the 
area. A large section of Crab Creek was infilled, 
leaving only a 50 m stretch of the creek to the east 
of Port Drive (WBM 2002). A sewer outfall dis¬ 
charges secondarily-treated effluent via a culvert 
directly into the remaining portions of Crab Creek. 


Table 2. Survey of 24th Feb 2005. 


Distance from Sea (m) 

Quadrat 

Pneumato- 

% Canopy 

Low Tide 

Seedling No. 

No. 

phore No. 

Cover 

Depth (cm) 

(2-6 leaves) 


4 

60 

70 

1 

0 

Under mangrove canopy (15 m) 

5 

80 

80 

, 2 

0 

6 

80 

80 

0 

0 


Ave. 

73.3 

76.6 

1 

0 


7 

50 

70 

1 

5 

Under mangrove canopy (40 m) 

8 

60 * 

80 

0.5 

4 ! 

9 

35 

70 

1 

4 


Ave. 

48.3 

73.3 

0.8 

5.3 


13 

90 

50 

1 

0 

Edge of dieback area (145m) 

14 

80 

60 

1 

0 

15 

90 

50 

1 

0 


Ave. 

86.6 

53.3 

1 

0 


19 

8 

0 

5 

0 

Dieback (ponded) area (150m) 

20 

2 

0 

5 

0 

21 

1 

0 

5 

0 


Ave. 

3.67 

0 

5 

0 
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Table 3. Survey of 19thJuly 2005. 


Distance from Sea (m) 

Quadrat 

No. 

Pneumat- 
ophore No. 

% Canopy 
Cover 

Low Tide 
Depth (cm) 

Seedling No. 
(2-6 leaves) 


1 

25 

70-80 

0 

0 

Sea edge (0m) 

2 

40 

70-80 

0 

0 

3 

70 

70-80 

0 

0 


Ave. 

45 

70-80 

0 

0 


4 

80 

70-80 

0 

0 

Under mangrove canopy (15m) 

5 

80 

70-80 

0 

0 

6 

90 

70-80 

0 

0 


Ave. 

83.3 

70-80 

0 

0 


7 

60 

50 

0 

7 j 

Under mangrove canopy (40m) 

8 

80 

60 

0 

6 

9 

70 

50 

0 

2 ! 


Ave. 

70 

53.3 

0 

5 1 


10 

90 

30 

0 

7 

Under mangrove canopy (80m) 

11 

60 

50 

0 

8 

12 

70 

60 

0 

11 


Ave. 

73.3 

46.6 

0 

8.6 


13 

80 

50 

0 

0 

Under mangrove canopy (140m) 

14 

80 

55 

0 

0 

15 

80 

80 

0 

0 


Ave. 

80 

61.6 

0 

0 


16 

0 

20 

0 

0 

t"*J r j* I i \ 

17 

1 

0 

0 

0 

Edge of dieback area (145m) 

18 

18 

0 

0 

0 


Ave. 

6.3 

6.6 

0 

0 


19 

20 

0 

0 

0 


20 

5 

0 

0 

0 ! 

Dieback (ponded) area (150m) 

21 

19 

0 

0 

0 


Ave. 

14.6 

0 

0 

0 


The volume discharged has increased significantly 
in recent years in response to an increasing 
population in the bayside area. 

A preliminary survey of the Whyte Island 
mangal was undertaken during a 0.52 m tide on 
the 24th February 2005 to assess both algal/ 
cyanobacterial populations and mangrove dieback. 
A more detailed survey was undertaken during 


a 0.31 m tide on the 19th July 2005 when algal/ 
cyanobacterial populations are more abundant 
and floating algal drifts are known to occur (R. 
Morton, pers. com). 

RECORDING VEGETATION 
Vegetation was recorded along a transect 
through the mangal extending from the sea¬ 
ward edge, approximately 10 m south of the 
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Table 4. Macroalgal species recorded from the Whyte 
Island mangal. 

Cyanobacteria 

Lyngbya inajuscula (Dillwyn) Harvey 
Microcoleus chtlionoplastes (Mertens) Zanardini 
Chlorophyta (green algae) 

Cladophora social is Kutzing 
Rhizocloniutn riparum (Roth) Harvey 
Ulva compressa L. 

(= Enteroniorpha compressa (L.) Nees) * 1 
Ulva flexuosa Wulfen 

(= Enteromoriilia flexuosa (Wulfen) JAg.) 1 
Ulva lactuca Linnaeus 
Ulva ralfsii Lejolis 

(= Enteromor\iha ralfsii Harvey) 1 
Rhodophyta (red algae) 

Bostn/chia inoritiziana (Sonder ex Kutzing) 

J. Agardh 2 

Bos trychia radicans (Montagne) Montagne 2 
Bostrychia simpliciuscula Harvey ex J. Agardh 
(=B. tenuissima R.J. King & Puttock) 3 
Bostrychia tenella (Lamouroux) ]. Agardh 
Caloglossa adhaerens King and Puttock 
Caloglossa ogasazvaraensis Okamura 
Caloglossa viellardii (Kutzing) Setchell 4 
Catenella uipae Zanardini 
Gracilaria sp. 

Murrayella periclados (C. Agardh) Schmitz 
Polysiphonia infestaus Harvey 
Polysiphonia sp. 

Sarcomata filiforme (Sonder) Kylin (drift) 

1 Based on DNA sequencing, the genus 
Enteroniorpha, often a signature genus in 
disturbed areas, has been reduced to a synonym 
of the genus Ulva (Hayden et ai 2003). 

2 Zuccarello & West (2003) treated Bostrychia 
radicans/B. moritziana as a species complex. 

3 Zuccarello & West (2006) treated Bostrychia 
tenuissima as a synonym of Bostrychia 
simpliciuscula 

4 Kamiya et al. (2003) treated most Eastern 
| Australian Caloglossa leprieurii as Caloglossa 
viellardii. 


mouth of Crab Creek, to an area of mangrove 
dieback at the landward edge (Fig. 3). The algal/ 
cyanobacterial vegetation was recorded from 
0.25 m 2 replicate quadrats systematically placed 
on the transect, and at a 5 m interval to each 
side. Each recording station was selected when 
changes in the algal vegetation were detected. 
For each quadrat, quantitative estimates of 
individual algal/cyanobacterial species abundance 
were made using the 5 point ordinal scale of 
Hult-Serandcr-Du Rietz based on percentage 
vegetation cover (1: <6.25%; 2: 6.25-12.5%; 3: 
12.5-25%; 4: 25-50 %; 5:50-100%; Du Rietz 1921). 
For the purposes of species identification, samples 
of the algal/cyanobacterial vegetation were col¬ 
lected for light microscopy examination ranging 
in magnification from X10 to X400. Pneumat- 
ophore number, water depth, overhead mangrove 
canopy cover, mangrove seedling number and 
any drift algal/cyanobacterial material were also 
recorded for each quadrat. Three replicate quadrats 
were surveyed at 4 stations/vegetation types 
on the 24 th Feb 2005 and at 8 stations/vege¬ 
tation types on 19 lh July 2005 (Table 1). 

RESULTS 

Loss of mangal was apparent in two large 
areas flanking the east side of Port Drive at the 
landward side of the mangal. Even under the 
mangal canopy adjacent to the dieback areas, 
there were many dead mangrove trunks and 
branches scattered over the mangal floor. 
Pneumatophore numbers were greater under 
the mangrove canopy than in the dieback area 
(Tables 2,3) and, in February, under the canopy 
peripheral to the dieback area (Table 2). The 
seaward fringe (to 15 m) had greater canopy 
‘ cover (70-80%) than other areas of the mangal. 
Ponding of water in the dieback area contrasted 
with only a slight covering of water (generally 
up to 1 cm depth) under the mangrove canopy 
during the higher low tide of the February survey. 
Recruitment of mangrove seedlings was only 
recorded under the mangrove canopy 40-80 m 
away from the seaward edge (Tables 2, 3). No 
seedling recruitment was recorded in the dieback 
areas. There was very little algal/seagrass drift 
observed during the surveys. Some detached 
thalli of the red alga Sarcomata filiforme were 
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Table 5. Cover of algal species in the Whyte Island mangal, 24th Feb 2005. (1 = <6.25%; 2 = 6.25-12.5%; 3 = 12.5-25%; 4 = 25-50 %; 5 = 50-100% 
cover), (shaded quadrats not sampled). Canopy cover at 'Edge of Dieback' varied from 0-60% (see Tables 2 and 3). 
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trapped among pneumatophores on the sea¬ 
ward side of the mangal and small amounts of 
dead seagrass leaves were caught on some 
mangrove branches. 

A total of 19 algal (6 species of Chlorophyta 
and 13 species of Rhodophyta) and 2 cyanobac- 
terial species were recorded from the Whyte 
Island mangal over the 2 surveys (Table 4). 
Many spedes grew on the Avicennia marina pneu¬ 
matophores although some (e.g. Gracilaria) were 
found growing on the mud. Lower species 
richness and abundance were recorded during 
the Februaiy survey compared with the July 
survey (Tables 5,6). Caloglossa adhaevens, recorded 
in the February survey, is rare in mangals of 
Moreton Bay. 

Two vegetation types were identified along 
the transects: a benthic microbial mat (and in 
July unattached Ulva coinpre ssa) in, and near, 
the dieback area and an assemblage of red and 
green algal species under the mangal canopy 
(Tables 5, 6). The microbial mats were domin¬ 
ated by the filamentous cyanobacterium Micro¬ 
coleus chthoiwplastes which, although restricted 
in distribution to the ponded area, was the 
most abundant of all the species recorded along 
the transects in both February and July. Large 
free-floating thalli of the green alga Ulva 
compressa were often tangled around pneumato¬ 
phores on the edges of the ponded area in July. 
In February, the macroalgal community 7 
under the mangal canopy was characterised 
by widespread low cover of Caloglossa ogasa- 
waraensis and to a slightly lesser extent Bostiychia 
tenella, and a more restricted distribution but 
greater cover of Catenella tiipae and Ulva lactuca 
(Table 5). More species were common under 
the canopy in July when species of the red 
algal genera Bostrychia , Caloglossa , Catenella , 
Gracilaria and Mitrrayclla were well repre¬ 
sented while species of the green algal genera 
Ulva , Rhizoclonium and Cladophora were less 
abundant (Table 6). 

DISCUSSION 

The 21 macroalgal/cyanobacterial species 
recorded from the Whyte Island mangal is less 
than the 35 marine macroalgal species prev¬ 
iously reported for mangals throughout More¬ 
ton Bay (Cribb 1979), but is similar to the total 
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Table 6. Cover of algal species in the Whyte Island mangal, 19 th July 2005. (1 = <6.25%; 2 = 6.25-12.5%; 3 = 12.5-25%; 4 = 25-50%; 5 = 50- 100% 
cover). Canopy cover at 'Edge of Dieback' varied from 0-60% (see Tables 2 and 3). 


Canopy present (C) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Edge of 
dieback 

No 

Distance from Sea (m) 

0 

15 

40 

80 

140 

145 

150 

150 

Species/Quadrat No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Bostrychia tenella 







1 

1 


1 

1 

1 

1 

1 

1 










Bostrychia tnoriliziana 



1 

1 



1 

1 


1 


1 













Bostrychia radicaus 




1 




1 

















Bostn/chia sintpliciuscnla 




1 

1 

1 

1 

1 


1 

1 

1 













Caloglossa ogasazvaraensis 

1 

1 

1 

1 

1 

1 

1 

1 


2 


1 

1 

1 

2 










Calogl ossa vicllardii 



* 



1 


2 



1 


1 












Catenella nipae 







2 

2 

2 
















Cladopliora socialis 



1 

1 

1 




















Gracilaria sp. 







3 

2 

3 

1 

1 

1 













Lyngbya majnscnla 





1 




















Microcoleus cli ihotioplastes 
















5 

5 

5 

5 

5 

5 




Mnrrayella periclados 



1 


1 


1 

1 


1 


1 













Polysiphonia sp. 






1 




1 


1 













Polysiphonia infestans 



1 






















Riiizoclonimn riparmu 




1 

1 


1 





1 

1 

1 











Sarcoinena fitiforme 

5 

3 

1 



5 



















Ulva comprcssa 



















2 

2 

1 

4 

3 

5 ' 

Ulva flexuosa 










1 















Ulva lactuca 

1 




1 


1 

1 






1 











Ulva ralfsii 





1 



1 



1 
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number of macroalgal/cyanobacterial species 
recorded for the mangals of nearby Serpentine 
Creek (Atherton & Dyne 1977). However, each 
of the four seasonally sampled Serpentine 
Creek transects recorded between 9 to 13 species, 
a species richness consistent with the February 
survey for Whyte Island but considerably lower 
than that reported for the July survey. The reason 
for the lower species richness at the Serpentine 
Creek sites is not known, although mangals 
lining creeks may support fewer maeroalgal/ 
cyanobacterial species than mangals directly 
under a fully marine influence, as has been 
reported previously for southern Australian 
mangals (Davey & Woerlkerling 1980). Sewage 
from the Luggage Point outfall may also have 
had an impact on maeroalgal species diversity 
at Serpentine Creek. Cribb (1979) also reported 
13 cyanobacterial species from saltmarshes and 
mangals of Moreton Bay, but gave no ecological 
distribution data except to report that Lyngbya 
majuscitla (as Microcokus lyngbyaceus) and Schizothrix 
spp. were common on mud substrata between 
salt marshes and mangals, an area of the shore 
only wetted by spring tides. Like other mangals 
in Australia and around the world, species of the 
red algal genera Bostrychia, Caloglossa, Catenella, 
Gracilavia and Murray ell a were present under the 
canopy at Whyte Island (King & Puttock 1994; 
Phillips et ah 1994; Laursen & King 2000). The 
presence of Caloglossa adhaerens, a rare species in 
Moreton Bay, together with differing distrib¬ 
ution patterns of the manga! macroalgae at various 
sites in Moreton Bay highlights the pressing need 
to collect quantitative data on these species for the 
purposes of documenting biodiversity and for 
developing strategies for maeroalgal conserva¬ 
tion. Further, it is imperative that the data collected 
incorporates recent taxonomic revisions of 
mangrove species (see footnotes in Table 4). 

Shifts in maeroalgal species composition and 
abundance are considered invaluable tools for 
assessing the responses of marine communities 
to natural and anthropogenic-mediated disturb¬ 
ances (Middelboe et ah 1997, 1998; Middelboe & 
Sand-Jensen 2000; Pedersen & Snoeijs 2001; 
Eriksson et ah 2002). Lower abundances of red 
algal species, the presence of green algal species 
under the mangal canopy and of the benthic 
Microcokus chthonoplastes mat in the ponded area 


are features which separate the maeroalgal/ 
cyanobacterial vegetation of Whyte Island from 
other mangals in the Moreton Bay region (J. 
Phillips, pers. observ.). Large ponded areas are 
usually not found in the mangals of Moreton 
Bay, the landward edge of which usually grades 
either into salt marsh, also previously reported 
by Cribb (1979), or grassland in residential 
areas or directly into industrial sites (J. Phillips, 
pers. observ.). 

Species of the red algal genera Bostrychia , 
Caloglossa , Catenella , Gvacilaria and Mur ray ell a 
generally account for < 10% cover in most quad¬ 
rats in the Whyte Island mangal, contrasting 
markedly to healthy mangals in Moreton Bay 
where red algal cover frequently exceeds 20% 
(J. Phillips, pers. observ.). Catenella itipae and 
Bostrychia tenella are often dominant species 
which are conspicuous, identifiable in the field, 
and festoon pneumatophores on the seaward 
edge and from the middle to the landward edge 
of the mangals respectively (J. Phillips, pers. 
observ.). The lower abundances of red algal 
species at Whyte Island are probably related to 
the altered environmental conditions of the incom¬ 
plete canopy. These red algal species are well 
adapted to the tidally-driven immersion- 
emersion cycles of the mid to upper intertidal 
zone, but they are still dependent on the shading 
effects of the canopy to ameliorate the higher 
light intensities, temperature, desiccation and 
osmotic stress associated with long periods of 
emersion (Davison & Pearson 1996). These environ¬ 
mental stressors are considerably less under 
intact canopies than for areas outside or under 
breaks in the canopy (Clarke & Hamon 1969; 
Hutchings & Saenger 1987; Pena et ah 1999). 
Mangal red algal species are typical 'shade plants' 
with low light adaptations for the saturation of 
photosynthesis and low light compensation points 
(below 17 jimol photons m 2 s 1 ) (Karsten & 
Kirst 1989; Karsten et ah 1993; Pena et ah 1999). 
Consequently mangrove red algae are prone to 
photoinhibition and photodamage at ambient 
irradiances as low as 200 jimol photons m 2 s 1 
(~ 10% sunlight) (Pena et ah 1999). Consistent 
with this are the lower species richness and 
abundance of mangal red algae recorded in 
February at Whyte Island which in part would 
be due to the higher light intensities of summer. 
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Species of the green algal genera Ulva, 
Cladophora and Rhizoclouiuin, found under the 
canopy within the Whyte Island mangal, have 
not been observed under the canopy inside other 
mangals in the Moreton Bay region (J. Phillips, 
pers. observ.). Green algal species are usually 
common on the outside edges of mangals 
(Atherton & Dyne 1977; Cribb 1979; Hutchings 
& Saenger 1987), but are rare within mangals, 
presumably limited by the low light intensities 
under an intact canopy. The higher light 
intensities under the breaks in the canopy and 
in the ponded area as well as the elevated 
nutrient levels from the sewage discharge would 
favour rapid-recruiting, opportunistic, stress- 
tolerant species of Ulva , Cladophora and Rhizo- 
cloniurn (Brown ct al. 1990; Duarte 1995; Morand 
& Briand 1996; Hernandez et al 1997; Raffaelli 
et al 1998; Taylor et al 2001) over less tolerant 
species, and may explain the higher abundance 
of stress tolerant species inside the Whyte 
Island mangal. Elevated nutrient levels from 
effluent discharge have undoubtedly contributed 
to the shift in macroalgal species composition at 
the disturbed sites within the Whyte Island mangal. 

The presence of the benthic microbial mat 
dominated by the cyanobacterium Microcoleus 
chthonoplastes is indicative of the harsh environ¬ 
mental conditions prevailing in the ponded area. 
Loss of the mangrove canopy, which would 
have a moderating effect on the physical environ¬ 
ment, would result in higher light intensities 
and temperatures in the ponded area, favouring 
tolerant cyanobacteria! species (Sage & Sullivan 
1978; Golubic 1994; Potts 1999; Bhaya et al 2000; 
Golubic et al 2000; de Lomas et al 2005). Microcoleus 
chthonoplastes often dominates intertidal and 
lagoonal microbial mats in temperate to tropical 
marine habitats worldwide (Potts 1980, 1999; 
Prufert-Bebout & Garcia-Pichel 1994; Stal 2000). 
This species is desiccation tolerant, surviving 
prolonged periods of emersion (Hershkovitz et 
al 1991; Potts 1999), due to the production of a 
water-retentive mucilaginous sheaths (Stewart 
1977; Hussain & Khoja 1993; DeWinder et al 
1999; Stolz 2000) and the ability to move to deeper 
mat layers, where the species is also shaded 
from the damaging effects of high light inten¬ 
sity and UV radiation (Stewart 1977; Ramsing & 
Prufert-Bebout 1994; Bebout & Garcia-Pichel 
1995; Stal 2000). 
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McLeod (1969) recorded Microcoleus chthouo- 
plastes as a minor component of southern Queens¬ 
land salt marshes but the species has not prev¬ 
iously been recorded from mangals in the Moreton 
Bay region. This again reflects the paucity of 
knowledge of the ecology of this region, and in 
this instance of cyanobacteria 1 diversity. Microcoleus 
chthonoplastes has been recorded from tropical 
Queensland (Phillips 1997,2002), from mangals 
in the Sydney region (Karsten 1996) and in 
mangals worldwide (Fogg 1973; Tanaka & Chihara 
1984; Lambert et al 1989; Hussain & Khoja 1993; 
Phillips et al 1994), occuring either as an incon¬ 
spicuous component on aerial roots (Phillips et 
al 1994) or conspicuously on mud and aerial 
roots (Fogg 1973; Lambert et al 1989) or in micro¬ 
bial mats (Potts 1980; Stal et al 1985; Hussain & 
Khoja 1993). 

POSSIBLE CAUSES OF MANGROVE DIEBACK 

It is apparent from this survey and the WBM 
(2002) report that the Whyte Island mangal is 
under threat. While the loss of Aviceunia marina 
trees from and the occurrence of large areas of 
Microcoleus chthonoplastes mats in the ponded 
area are obvious features of the environmental 
stress, the mangroves and macroalgae at the 
landward edge of the existing Whyte Island 
mangal are also showing signs of stress. This is 
evident from the large gaps in the canopy, 
restricted recruitment of mangrove seedlings 
(which never exceeded the 6 leaf stage), epi- 
cormic shoots on Aviceunia marina trunks, the 
reduced biomass of the Bostrychia/Caloglossa 
association on pneumatophores and the presence 
of green algae under the mangrove canopy. 

It is probable that interactions of multiple 
stressors may have contributed to the mangal 
dieback over the last three decades at Whyte 
Island. Mangroves live in saline, waterlogged, 
anaerobic soils and already are hard pressed to 
cope with salt toxicity, absorption of water 
against an osmotic gradient (desalination), high 
light regimes, high temperatures and anaero- 
biosis (Clough et al 1982; Hutchings & Saenger 
1987; Saenger 2002). Any disturbance will inter¬ 
fere with the finely-tuned balance between the 
mangroves and the environment that supports 
them, often resulting in a loss of trees and a 
decline in the mangal. It makes good sense to 
start by examining some of the more obvious 
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potential causes of the Whyte Island dieback: 1) 
the large scale ponding of seawater within the 
area formerly occupied by the mangal; 2) dis¬ 
charge of sewage into Crab Creek; and 3) the 
potential for onshore algal blooms or drifts from 
offshore blooms to smother Avicctwia pneumat- 
ophores and/or contribute to, or cause, seawater 
ponding. 

Ponding of water. Mangroves do not survive in 
habitats which are flooded for prolonged 
periods, and for this reason are ecologically 
restricted to the upper intertidal zone (mid to 
high tide mark), an area where the substratum 
should be drained at every low tide. Mangal 
soils are typically anaerobic, the mangrove roots 
obtaining oxygen for respiration from the atmo¬ 
sphere via aerial roots. Diffusion of air during 
low tide through air pores (Ienticels and 
horizontal structures) on Avkenma marina pneu- 
matophores is sufficient to aerate the extensive 
aerenchyma (air filled tissue) throughout the 
pneumatophore/subterranean cable root system 
in order to supply oxygen for root respiration 
during tidal inundation (Curran 1985; Curran et 
ah 1986; Skeleton & Allaway 1996). Root respir¬ 
ation, required for the energetically-expensive 
uptake of water against the osmotic gradient 
(desalination), is dependent on oxygen stored 
in root aerenchyma, as there is little oxygen in 
the surrounding anaerobic muddy substratum. 
Oxygen is rapidly consumed by Avicennia marina 
roots, with only c. 0.1 atmospheric oxygen concen¬ 
tration remaining in the root aerenchyma 22 hrs 
after the onset of the continuous flooding 
(Skeleton & Allaway 1996). Continuous immer¬ 
sion of aerial roots was considered responsible 
for the death of mangroves at Wallum Creek, 
North Stradbroke 1., following the construction 
of a 70 m long bund wall which retained water 
in the mangal (Quinn & Beumer 1984). Water¬ 
logged mangroves behind bund walls generally 
die within six weeks of inundation (Hutchings & 
Saenger 1987; Saenger 2002). Death of mangroves 
also followed the unintended ponding of sea¬ 
water from roads constructed through mangals 
in northern Western Australia (Gordon 1987), 
New Guinea (Saenger 2002), Puerto Rico (Patterson- 
Zucca 1982) and Colombia (Elster etah 1999). 

Sewage discharge. Several studies have inves¬ 
tigated the discharge of secondarily-treated sewage 
into mangals, reporting that mangroves have 
the ability to absorb high levels of nutrients 


found in sewage without any discernible harm¬ 
ful effects (Nedwell 1975; Clough et ah 1983; 
Corredor & Morell 1994; Tam & Wong 1995; 
Wong et ah 1995; Saenger 2002). However, sewage 
sludges may be contaminated with heavy metals 
which can be mobilised and released from 
mangal sediments (Montgomery & Price 1979; 
Tam & Wong 1997). Heavy metals may be 
accumulated by mangrove species (Clark et ah 
1997, Lacerda 1<?98), although detrimental effects 
to mangrove species, which are generally con¬ 
sidered to have a high tolerance to heavy metal 
exposure and accumulation, have not been 
observed even after exposing seedlings to sedi¬ 
ment concentrations of Cu, Zn, Pb, Ca and Hg 
to approximately 500 pg g 1 (for discussion see 
Saenger 2002). The sediments at Whyte Island 
have heavv metal concentrations well below 
100 Mg g--i (WBM 2002). 

While nutrients and heavy metals appear not 
to have any discernible effect on mangroves, 
sewage effluent may also be the source of anionic 
surfactants (found in detergents), plasticizers 
and other toxicants such as phenol, toluene and 
chlorine. These components may be delivered 
in pulses of high, potentially-damaging concen¬ 
trations, may act synergistically with other com¬ 
ponents to either enhance\reduce toxicity (Kevc- 
kordes 2001) or may interact with the physical 
environment, such as the sediments, resulting 
in tine development of adverse environmental 
conditions (e.g. the production of acid sulphate 
soils due to the oxidation of sulphides bound to 
heavy metals (Clark et ah 1997)). 

Algal blooms and drifts. Marine macroalgal 
blooms and drifts are often a consequence of 
environmental disturbance caused by elevated 
nutrient levels delivered, in the case of Whyte 
Island, from sewage effluent. Effluent from the 
Wynnum North Sewage Treatment Plant is dis¬ 
charged directly into Crab Creek and under 
favourable environmental conditions could poten¬ 
tially result in on-site blooms. Effluent is also 
discharged from Luggage Point and from rivers 
feeding into Moreton Bay. These more distant 
sources may result in offshore blooms drifting 
into the Whyte Island mangal. However, these 
were not observed during the present study. 
Tine small amount of macroalgal biomass recorded 
under the canopy at Whyte Island would not be 
sufficient to form floating blooms. Nor are there 
any reports in the scientific literature of the very 
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common Microcoleus chthonoplastes forming 
floating mats, although the benthic mat formed 
by this species in the ponded area could prevent 
or further exacerbate poor seawater drainage at 
low tide, due to the ensheathing mucilage around 
the cyanobacterial filaments (Golubic 1973). 

Algal/cyanobacterial blooms and drifts were 
not observed during the current study at Whyte 
Island, but monitoring would be required to 
detect these episodic events. Large drifts of Ulvn 
are known to occur at Whyte Island during the 
winter (R. Morton, pers. com.) and drifting algal 
mats have been reported to block drainage 
channels and cause the ponding of water at 
Luggage Point (WBM 2002). Atherton & Dyne 
(1977) reported extensive floating algal masses 
at low tide, dominated by Gracilaria sp. and Ulva 
clathrata and to a lesser extent Cauleqiafastigiata 
during summer near thin stands of stunted man¬ 
groves at Serpentine Creek. They also reported 
vast tracts of floating cyanobacterial mats 
comprising Lyngbya majusciila, Scytonenia and 
Chroococcus caught on pneumatophores further 
landward of the floating macroalgal masses. 
Any impact the drift may have had on the 
mangroves was not described, and the authors 
found it difficult to assess whether algal mat 
growth had been stimulated by mangrove thin¬ 
ning, also reported in their study. 

There is little evidence on the effects that 
algal/cyanobacterial/seagrass drifts may have 
on mangrove survival. Bird & Barson (1982) 
reported that accumulations of dead Zostera were 
thought to contribute to mangrove dieback in 
Westernport Bay, Victoria. Loss of mangroves 
in the St Kilda-Port Gavvler area of South Aus¬ 
tralia was attributed to large drifts of Ulva and 
dead seagrass retarding recruitment of Avicennia 
marina seedlings and smothering pneumato¬ 
phores (Edyvane 1995). 

RECOMMENDATIONS FOR FURTHER STUDY 

While a number of factors may potentially 
interact to cause mangrove dieback, the long 
periods of seawater inundation (several days to 
weeks) of the Whyte Island mangroves would 
itself be sufficient to cause mangrove death. 
Thus investigations should initially focus on 
the ponding of water. Gaining an understanding 
of the environment in the ponded area is neces¬ 


sary for devising a rehabilitation plan. Restoring 
vegetation on the tidal landward fringe is challeng¬ 
ing because of natural environmental stresses 
and anthropogenic disturbances. The impact of 
strandings of large masses of algae or cyano¬ 
bacteria, that may contribute both to water 
ponding and to pneumatophore smothering, 
also needs investigation. 

The following research is suggested: 

1. The ponded area should be studied in regard 
to physico-chemical parameters, the periodicity 
of inundation from the sea, freshwater inputs, 
water depth, the biology of the Microcoleus 
chthonoplastes , and mangrove recruitment (if any). 
The study should be undertaken throughout 
the year to detect seasonal effects and tidal 
variation (both lunar and solar cycles). 

2. Possible impacts of algal/cyanobacterial 
blooms/drift on mangrove survival at Whyte 
Island need to be investigated and monitored 
(in particular the occurrence, periodicity, origin 
(inside versus outside mangal), species compo¬ 
sition, and possible causes). Identifying the species 
composition of any blooms/drifts is crucial for 
identifying the possible origin of the bloom 
species. This in turn will determine appropriate 
management strategies. In our opinion, blooms 
that may impact on the Whyte Island mangal 
will be unlikely to originate from within this 
mangal. Similarly a variety of species also form 
'algal/cyanobacterial mats', and the likelihood 
that Microcoleus chthonoplastes mats may become 
pelagic also needs to be investigated. 
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